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FHFRSEE R 10 vF 55T 3% F R 571 £ HLO, ﬁﬁmiiy
CPCM. #: )5 TD-DFT/6-31G1E AR5 T %chl-a
faIAb 43 7 R S YE AT I . KB IFAT VH 55
ZHEE N Yomem=200 MW, %nproc=4.
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Fig.1 The simplified molecular structure of chl-a
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Fig.2 The IR spectrum of chl-a
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I8, WE3TR. 20— A Ab HERY) 493 T chl-aZ)y 1 45 ¥ T % i T AF

F 4 2227 13, chl-a%) 1 IPTHOMOMILUMO#LiE
F2 B N RER b (B B AR, B AMC(33) AL E
FIERIER S5 T HEd . HOMO—LUMOH T
BRIT G, BUIE b v B o A R o AT A v e St
BORnE b, (A B2 FL T2 B4 AT b SRR ER [ 7
BT
2.3 chl-af¥ k7S

K HITD-DFT Jj LA UAH 45 A1 R % chl-aZy 1
AR ES U, HRMK. EEHKTAE. L
KRB EFIAERI P .

DL I TE SR o] LAAS H, chl-azy T 7RI
WK H574.2 nm. 556.2 nm. 418 nmi #A T HE &
A BRIT, ARAEDE K A 574.2 nmiREN M £ ok, I
I T 75 (1938 % REE . It (I% M 2.16 ev, AU, chl-ady 1
I o AE P K 95742 nmi R AR L ERAE, HFhE
BRAT 2R HH-0—-L+0(74%)Hl, 12 2k i fEadk
[ FIbIE ] 2 1)
2.4 FHERERAMBIZIEREE

BT A I AR SR T 10 o T UE RECT T RS,

#1  chl-afREER T EES XEER LR
Table 1 Vibrion fratequency of chl-a comparison among
computed values and literature values

WIS R DTk EE, WIR4T7R

4 n] %0, STHOMO$UIE K, WA ) 57 ik
o K H93.29%, i B ik Ik 2 h2.32%, C(36)f &
R . C(13)A B b R B B B L B s fsk AL
B TTER R W N 1.59%, 1.57%. 1.22%. X T
LUMO#UE K Ui, NIRER D1k 26 55 K4 84.58%, Wil ik
FEIRZ N 11.47%, CBO)L E IR C(13)AL
B RIS B R K S B B OB 1 DT RR R AN, 4y
WM 1.34%, 0.44%. 2.17%.

HOMO—LUMOZKIL J&, B i HE 55 1 v ik 2
(A5 A A, B9 K T 9.15%, MISIBRER o} L3 57 ik 26
(AR A TR, 18K T8.71%, C(36). C(13)f & L
{100 T e i % 3 A e e SOUBRE (%) AR A0 VR I, 43 00 A
0.25%. 1.13%. 0.95%.
2.5 Mulliken B {575 %

I3 T WA oM, SCRCAE 731 AR 27 1 i
e chl-a ) 73 B Tk Z6 n] LA H 6 e Dok & Ae
AR R PR IR FIC(33) 47 B b R e e . R
FIDFT /53543 At 1 chl-aZy 5~ WK IR &5 K R e I 1Y)

R2  chl-al) 5 FRILHIEREE L R HOMO-LUMOGERS
Table 2 The energy of frontier orbital and energy gap of
HOMO-LUMO of chl-a

AR/ (em™) SCHRAE/ (em™) FFESE ] HrELIE e/ (ev)
Calculated Literature Characteristic group Orbital Energy/(ev)
values/(cm™) values/(cm™) LUMO+3 -0.39
1735 1732 Ester C=0 LUMO+2 -1.21
1685 1697 Keto C=0 LUMO+1 -1.95
1588 1604 Cc=C LUMO -2.78
1489 1456 Skeleton HOMO -5.23
1197 1251 C=N,C-N HOMO-1 -5.32
1015 1070 Cc-C HOMO-2 -6.27
3080 2856 C-H HOMO-3 -6.67
3254 3373 O-H Energy gap 2.45

%3 chl-af FHARRESHMERMHOMO=H, LUMO=L)
Table 3 The partial properties of the excited singlet state of chl-a (HOMO=H, LUMO=L)
PR #K/(nm) WO g/ (ev) Py A BRIT PRAL L2
State Wavelength/(nm) E/(ev) f Transition Transition proportion
S1 574.2 2.16 0.2331 H-0—L+0 74%
H-1—L+1 14%
S2 556.2 2.23 0.1458 H-1—L+0 73%
H-0—L+1 19%
S3 418.0 2.97 0.0407 H-2—L+0 90%
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H1 2SRl 13, chl-ad) 7% PE 2 1 Jat 7 A2 Ok
1 PO SR TR L4 SO My = i DR 2/ A R i 2
BONIER R, HER o iy RS A B T HORE
111y FEL A S O B i, SRS (1 A AR BT

25 W A ST AT BT 2> . HOMO—LUMOBKIT ),
NNIRRER 2K 25 1R FEL 7 B AS B 7 22 2, raAr AR AL
0.00012 fif i Bl HE A3 B L 2R TR 2
M1, FELAT AR AL R 0-0.00062. PRk ER | 11
CO)i 1 I A ¥ 4 5 85 K, 40.00118. 1355
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Table 4 Contribution rates of characteristic groups to the energy of frontier orbits

FEETE & T s HUIE/ (%) TR /(%) IRARAIE/(%) DR/ (%)
Characteristic group Atom HOMO/(%) Contribution rates/(%) LUMO/(%) Contribution rates/(%)
Mg(1) 0.131802 0.019156
C(2) 0.084696 4.455735
C(3) 6.133999 4.734363
C4) 4.343896 4.732858
C(5) 2.144891 11.28437
N(6) 1.197241 7.722938
C(7) 6.445728 0.654293
C(8) 0.345057 0.261419
C) 0.471197 0.092748
C(10) 8.474274 2.799721
N(16) 4215376 0.02838
C(17) 4.149328 4.556799
The porphyrin ring C(18) 2.286261 93.29095 4.671787 84.57562
C(19) 1.17514 4.254996
C(20) 8.39092 5.062141
N(23) 1.476886 6.385554
C(24) 5.928912 3.06692
C(25) 3.837791 0.003539
C(26) 1.196183 2.17886
C(27) 9.094987 0.058975
N(28) 0.047317 0.005715
C(29) 6.991566 1.126456
C(30) 5.812653 11.72103
Cc@31) 2.587644 3.622048
C(32) 6.327202 1.074819
Keto C=0 C(11) 1.351011 1.569432 0.158047 0.447257
C(12) 0.159551 0.280754
C(13) 0.019316 0.002757
O(14) 0.034614 0.003282
O(15) 0.003845 0.001562
C(40) 0.001095 0.000855
C=C C(@21) 0.304754 1.22349 0.145556 2.170905
C(22) 0.918736 2.025349
Ester C=O C(33) 0.445546 2.325328 5.045299 11.46546
0(34) 1.879782 6.420161
Keto C=0 C(@35) 0.491794 1.590781 0.471411 1.340735
C(36) 0.912194 0.561092
0O(37) 0.113279 0.271274
0(38) 0.057598 0.025069

C(39) 0.015916

0.011889
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chl-a;% {4 £ FMulliken B 757 43 7
Table 5 Mulliken charges distribution of active groups of chl-a
S AIETE Js H Bk as LR e LT RS
Characteristic group Atom Ground state Excited state The charges transfer quantity The charges transfer total quantity
Mg(1) 1.298434 1.298745 0.000311
C(?2) 0.167614 0.167086 -0.000528
C@3) -0.207348 -0.207659 -0.000311
C4) -0.175829 -0.175224 0.000605
C(5) -0.169337 -0.168157 0.00118
N(6) -0.671786 -0.673039 -0.001253
C(7) 0.22817 0.228538 0.000368
C(8) -0.178777 -0.178469 0.000308
C©) -0.366121 -0.365672 0.000449
C(10) 0.306589 0.306801 0.000212
N(16) -0.805248 -0.805381 -0.000133
C(17) 0.275325 0.275259 -6.6 X10-5
The porphyrin ring C(18) -0.215018 -0.214977 4.1X10-5 0.00012
C(19) 0.002943 0.003058 0.000115
C(20) 0.247391 0.247645 0.000254
N(23) -0.738393 -0.737846 0.000547
C(24) 0.23142 0.231072 -0.000348
C(25) -0.181581 -0.181834 -0.000253
C(26) -0.171641 -0.171854 -0.000213
C(27) 0.210048 0.20983 -0.000218
N(28) -0.78198 -0.781928 5.2X10-5
C(29) 0.171916 0.172 8.4X10-5
C(30) -0.119154 -0.119599 -0.000445
C@31) -0.002747 -0.002906 -0.000159
C(32) 0.179441 0.178717 -0.000724
Ester C=0 C(33) 0.28574 0.285415 -0.000325 -0.00062
0(34) -0.478415 -0.478471 -5.6X10-5
o L 0 A IR A R B e, WEER BN et

A BT, B AL LS R AR, D

AERIERE R 2 T A G RE

3 itie

W2 T HUE BEAE, T HiE K ILHHT 2 1
BN o3 TG R M R K, A RN AR R A
[7 43 B - B 10 s e o 5 90038 (HOMO) AR I 4
BUIE(LUMO) B A BLAE - AT HLATIE A SR, chl-a
3 ¥ [FTHOMOMLUMO) g fiuf, 3% 3t v Wchl-ady
F ITHOMO#UIE 7% &) 2k 2 L IITLUMO¥ 18 75 5 13
FH 7, HOMO-LUMOGE BRAE B/, PR kAT JL 2%
K, AT BRI 5N 3 P Bl chl-afi 5 & A2 WO R AT
HAEBIE R R P oA S E AR e . Xt AR
TR FE U8 W] b A1 4 chl-a i 55 286 A8 1 2 220

HL - RO 5 B30 PR 1 8 B ) T 20 A, AT S
Oy T IR . T8 I X chl-agy T R AR
3 A v] %, chl-ag) 1 75 WOBCIE K 4 574.2 nm, R
REN2.16 evin 5 b KA W7 BRIT, BRI S 1 202
H-0-L+08KIT. X 5 LI #1662 nm A 7F — &
() 22, 23 B s R ok B 1 510 R Gl 22 40, 115
JIT FH A2 75 700 T SRR v %) S 56 I FH 4D A2 TR T 7,
VR s ) PR AR 1 2 e b R A 22 1 — S EE A
o I B3 HTAT LU H, BARHOMOFRILUMO
Bl kA T w2k, HHOMO—LUMOBKIT 5, #
8 E A A T S v AR I B R aE b chl-ag) 1
FTHOMOFILUMOHUIE 3= B pi 1WA T Fi 441
F, H I TT DL Wt chl-a 2y (1 35 24 35 41 4 n bk B R
C(33)r & L i B
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i %4, %50 %1, HOMO—LUMOX if Ji, i
FiILRFAE KL A AT Ze B i vok AR AR R K, KT
9.15%, NRBPRER XS 38 DT k4 1 A8 Ak 15K T78.71%,
MCRO)NE FIERFRIE. CI3)LE [ ERFREE
FLERR RIS 1) DTk 2 AR A ISR IE A A2 1.50%, H
16 AT PLE B chl-a gy 7 36 P L A C(33) M & 1Y
i Bt 5L R 43— L B R BR R, 3X — 4518 5 i e il
SIMT TS5 18— 30 H T BRI 11728 4k 26 K T n ik
AR AR, T DA S 56 (1 9 P KT SRR A 1 3%
Pk AME X chl-a gy H 5 J5F 6 2 1 B0 Tk
5 B ] BLS H, C(5)fEHOMO—LUMOBKIT ),
BUIE ) DR R R AR AR LR R, 499.14%, LRI,
C(5) A2 175 T A MR A PR35 1 A

18 1 X chl-aZy — HLARr 23 A1 1R 23 B & TR, i bk
IR TR lg, ISR EN RS E
240.00012, 11y Wi B ik 7% By 43 B ey, FLp B RS R
4-0.00062, FHHnbBRER EC(S)IM AT B iR K,
30.00118, BGAUE T C(5) & MMBRER - 1R 35 24 55 A DU
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Quantum Chemical Calculation of the Activity of Chlorophyll-a Molecule
by DFT

Jiang-Wei Cheng'?, Min Zhan'?, Yun-Huai Zhang'**
('Chemistry and Chemical Engineering, Chongqing University, Chongqing 400030, China; *Chongging Key Laboratory of Natural
Ecosystem Structure and System Simulation of Three Gorges Reservoir Area, Chongging 400030, China)

Abstract The bioactivity and absorption wavelength of the characteristic groups of chlorophyll-a mol-
ecule was compared according to the spectral characteristic, contribution rates of characteristic groups to the energy
of frontier orbits, excited states, Mulliken atomic charges and other quantization parameters which were calculated
using the B3LYP flavor of density functional theory (DFT) with the 6-31G basis set in solvents. The results show
that in the five characteristic groups of chlorophyll-a molecule, the activity of the ketone composed of C(33) and
0(34) is the strongest, the porphyrin ring take the second place, the ester carbonyl in C(13) and C(36) the conjugat-
ed double bond own the weaker activity. After the transition of HOMO to LUMO, the charges transfer total quantity
of the porphyrin ring are 0.00012 and the charges transfer total quantity of the ketone are -0.00062.

Key words chlorophyll-a; density functional theory; percent contributions to the energy of frontier orbit;

active groups
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